In 1962, the Science Citations Index was initiated at the Institute for Scientific Information with the purpose of maintaining a systematic ongoing measurement of the citation counts for scientific journals. The study and analysis of citation indexes, or bibliometrics, have resulted in the development of various metrics to assess the impact of scientific journals or individual investigators based on the number of citations to their respective works. In the present study, we take advantage of these tools, not readily available in the past, to identify the important works in neurosurgery.
The study is presented in 2 parts. In this first part, we identify the 100 top-cited articles published in neurosurgical journals since 1950 and provide an analysis of the fields and types of study represented in these articles. In Part II, 6 we will identify peer-reviewed articles pertinent to clinical neurosurgery that have received more than 400 citations-the operational definition of a citation classic. 4, 7 
Methods
The focus of this part of the study is limited to journals specifically dedicated to neurosurgery. Such a restriction provides a starting point from which to identify topics that draw the most citations. The source of the data presented in this study is the web-based bibliometric database Web of Science and Journal Citation Report, both by the Institute for Scientific Information. We identified 11 neurosurgical journals by searching the Journal Citation Report database for publications with the words "neurosurgery" or "neurosurgical" in the title. This search identified a journal specializing in neurosurgical anesthesiology, which was excluded from our analysis. The journals Surgical Neurology and Acta Neurochirurgica, not captured using this approach, were also included. A search was then performed on Web of Science of each journal under "Publication Name," and results were sorted by the category "Times Cited." This provided a list of all articles appearing in a given journal ranked by citation count.
The journal Spine was also considered for inclusion, and 32 articles were found in Spine that had been cited over 265 times (a cutoff value corresponding to the number of citations for the 100th most cited article in the Journal of Neurosurgery). None of these articles were written primarily by a neurosurgeon; thus, despite the overlap and relevance of the topics covered in Spine with neurosurgery, the journal was not considered a neurosurgical journal for the purposes of this study. Highly cited neurosurgical papers appearing in general medical journals are considered in Part II. 6 Journals specific to neuroradiology and stroke were also omitted. The database for this study was compiled in August 2009, and the numbers presented thus reflect the citation counts at that time.
Results

Sources and Citations
Thirteen journals were identified that met the aforementioned criteria and are shown in Table 1 . The top-cited articles from each journal were identified using the Web of Science. Given that many articles in the JNNP are specific to neurology or psychiatry, we limited the articles from this journal to those pertinent to neurosurgery. The title and abstract of the 58 articles in JNNP that had been cited > 265 times were reviewed, as well as the number of citations to these articles made by other neurosurgical journals. There were 46 articles in JNNP that were determined to be nonneurosurgical.
The most cited articles in all 13 neurosurgical journals were sorted by the citation counts. Among the 100 top-cited papers ( Table 2) , there were 79 articles from the Journal of Neurosurgery, 11 from JNNP, and 10 from Neurosurgery ( Table 3 ). The citation counts ranged from 287 to 1515, and the years of publication ranged from 1956 to 2001, with 77 having been published between 1976 and 1995, 19 before 1976, and 4 after 1995.
In the following sections, the numbers in parentheses represent the ranking of the articles in terms of number of citations. The corresponding articles can be found in Table 2 .
Field of Study
The articles were categorized as studies concerning cerebrovascular disease, trauma, tumors, or functional neurosurgery. Spinal cord injury was included under trauma, and stereotaxy, epilepsy, and pain were included under functional neurosurgery. Ninety-five of the articles fell under 1 of these 4 categories; in addition, 5 articles were about syringomyelia, hydrocephalus, infection, and spine surgery ( Table 4 ).
The greatest number of articles in the top 100 were in the field of cerebrovascular disease (43 articles). These included 19 articles on the management of intracranial aneurysms, of which 5 were studies on vasospasm (Nos. 3, 42, 43, 70, 100), 5 were studies on endovascular techniques (Nos. 11, 19, 25, 26, 46) , 4 were cooperative studies on SAH (Nos. 6, 15, 31, 51), 3 were grading systems concerning SAH (Nos. 1, 3, 39), 1 was a technical note for microneurosurgery (No. 68), and 1 was a laboratory study (No. 92). There were 8 articles on AVMs, including 3 papers on the natural history (Nos. 49, 58, 76), 2 on Thirteen articles were classified as functional and stereotactic neurosurgery. Three articles were on movement disorders, including pallidotomy (No. 9) and transplantation (No. 40) for PD and DBS for tremor (No. 27). Three articles described techniques for functional localization, including the Amytal test for lateralizing language dominance (No. 7), and cortical mapping of language (No. 20) and motor and sensory function (No. 44). Results from microvascular decompression were presented in 2 articles, 1 for hemifacial spasm (No. 77) and 1 for trigeminal neuralgia (No. 90). Two articles were in the epilepsy domain, including a surgical pathology series describing cortical dysplasia (No. 21) and a review of "kindling" (No. 41). In addition, there were experiences reported on the use of intraoperative MR imaging (No. 56) and on the integration of frameless intraoperative stereotaxy with the operating microscope (No. 91), as well as a clinical description of therapeutic magnetic stimulation of the brain and peripheral nervous system (No. 72).
There were 12 tumor studies in the top 100 cited articles. Five of these were on glial tumors, including 1 correlating prognosis of glioblastoma multiforme with the extent of resection (No. 57), 1 on radiation therapy and chemotherapy for anaplastic astrocytoma (No. 5), 1 on surgical treatment of low-grade astrocytomas (No. 62), 1 on stereotactic biopsies of gliomas (No. 50), and 1 animal study (No. 96). There were 2 concerning recurrence of meningioma after resection (Nos. 14, 35) . There was a randomized study evaluating radiation therapy for medulloblastoma (No. 66), there were surgical series on craniopharyngiomas (No. 97) and dysembryoplastic neuroepithelial tumors (No. 54), and there were reviews on CNS lymphoma (No. 29) and germ cell tumors (No. 73). Additional topics included the technique for ACD (No. 8), the pathophysiology of syringomyelia (Nos. 33, 87), CSF dynamics and hydrocephalus (No. 85), and manifestations of AIDS in neurosurgery (No. 4). Two areas that were not categorized separately due to overlap with the aforementioned topics included radiation therapy and pediatrics. There were 4 articles that focused on radiation therapy, including 2 regarding radiosurgical treatment of AVMs, and 2 randomized trials of radiation therapy and chemotherapy for malignant glial tumors and for medulloblastoma. In addition to the latter study, in which children were treated, the other pediatric study was a biomechanical study concerning shaken-baby syndrome. Topics related, but not specific, to pediatrics included 2 pathophysiological studies on syringomyelia and 1 animal study of hydrocephalus.
Type of Study
There were 5 randomized trials, 5 cooperative studies, and 1 observational cohort. There were 69 additional articles that consisted of case series, some of which were topic reviews or laboratory studies that were supplemented by patient data. Articles that did not present clinical data included 8 topic reviews and 12 laboratory studies.
Articles were categorized as follows: surgical management, nonsurgical management, natural history, classifications, reviews, and laboratory studies. Surgical management included endovascular and radiation therapies, as well as surgical procedures performed for diagnostic purposes. Nonsurgical management included intensive care unit management, medication-based therapies, and nonsurgical diagnostic studies. Natural history studies included observational studies of diseases and outcomes after head trauma. Laboratory studies included surgical and postmortem pathology series, animal studies, and intraoperative data obtained from humans to study physiology. Table 4 relates the field of study with the type of study.
Thirty articles were studies involving surgical management. There were 17 articles presenting surgical results, including microvascular decompression, movement disorder surgery, tumor resection or biopsy, AVM and aneurysm surgery, ACD, and magnetic stimulation. There were 4 articles on endovascular techniques, including 3 on aneurysm coiling (an additional article was a study of coiling using an animal model). Four articles focused on radiation therapy, 3 articles were on surgical or endovascular techniques for functional localization, and 2 were about new stereotactic technologies.
There were 12 articles about nonsurgical management strategies, including 3 on diagnostic techniques (transcranial Doppler ultrasonography and Xe-CT scanning). Nine studies described medical management of neurosurgical problems, including 7 studies on head trauma (hypothermia, intracranial pressure management, and hyperventilation), triple-H therapy for vasospasm, and methylprednisolone therapy for acute SCI. The studies on head trauma included 4 randomized trials and 3 prospective studies.
Fifteen articles were classified as being on natural history, which included studies of outcomes following trauma when the emphasis was not on therapy or diagnostic techniques. This included 6 studies of prognostic factors related to outcomes following head trauma, of which 2 addressed the effects of minor head trauma. There were 8 studies on the natural history of cerebrovascular dis-eases, including 4 on aneurysms (1 on the time course of vasospasm), 3 on AVMs, 1 on CMs, and 1 cohort study on the outcomes after stroke (including SAH and intraparenchymal hemorrhage).
Eleven articles focused on classification schemes, either initial proposals or prospective applications. This included 7 grading systems for cerebrovascular disease: 3 for SAH (Fisher, Hunt and Hess, and World Federation of Neurological Societies); the Spetzler-Martin grading system for AVM; and 1 each for cavernous-carotid fistulas, DAVFs, and CMs. There were 3 for either the Glasgow Outcome Scale or Glasgow Coma Scale and 1 for the Simpson grading system for extent of meningioma resection.
There were 21 articles that were categorized as laboratory studies. This included 12 animal studies: 1 histological study of an animal model of glial tumors; 1 surgical study of coiling; 1 study of vasospasm; 6 pathophysiology studies on CSF dynamics, SHI, SCI, and stroke; and 3 physiology studies of ischemia, and cerebral blood flow relationship to systolic blood pressure and CO 2 . There were 7 human studies: 4 pathology studies of dementia and head injury, cortical dysplasia and epilepsy, AVM, and ischemia in fatal SHI; and 3 pathophysiology studies, including 2 of syringomyelia, and 1 on the effect of CO 2 on arterial diameter. There were also 2 ex vivo models: 1 of aneurysms using a glass model and 1 of the shakenimpact syndrome using a doll model.
There were 11 review articles, including 5 pathophysiological reviews. Topics included ischemia of the brain and spine, tumors, DAVFs, CMs, "kindling," and neurological manifestations of AIDS.
Discussion
We identified the most cited articles appearing in neurosurgical journals. The top 100 cited papers appeared in 3 of the 13 neurosurgery-dedicated journals: the Journal of Neurosurgery, JNNP, and Neurosurgery. The most common format was clinical case series, and 8 papers were reviews. Five studies were structured as randomized, controlled trials, and 6 articles were prospective multiinstitutional cooperative studies or populationbased cohort studies.
Citations Over Time
One limitation of the use of the total citations a paper has accumulated as a measure of impact is that such a method favors older publications and older journals. Indeed, in our list of journals, JNNP is the oldest journal, first published in 1920, followed by the Journal of Neurosurgery, first published in 1944. Ninety of the 100 articles appeared in these 2 journals. However, the peak period for highly cited papers was between 1976 and 1995, during which time 77 of the top 100 cited articles were published. The presence of only 1 article published since 1997 is likely accounted for by not enough time having elapsed for important studies to accumulate citations, or could reflect the referral of more recent high-impact papers to more generic journals. In contrast, the relatively small number of contributions from papers in the 1950-1975 epochs may relate to a number of variables, including loss of immediacy and awareness, and limitations in bibliometric databases for tracking older articles. In addition, some classic works in neurosurgery have escaped detection and analysis because they have appeared in textbook rather than manuscript form, for example, the founding work of microneurosurgery by Yaşargil, 11 documented in his 4-volume textbook Microneurosurgery.
Citations by Subspecialty Field in Neurosurgery
We noted an overrepresentation of cerebrovascular neurosurgery as the most common topic among the 100 most cited articles. Trauma came in second, followed by tumor and functional papers. It is not entirely clear why there is an overweighting of cerebrovascular papers and underrepresentation of tumor papers among the top 100. This cannot be explained by the relative contributions of these pathologies in the neurosurgical arena. Cerebrovascular neurosurgery has attracted some of the most academic and scholarly practitioners in our specialty. In addition, as neurooncology lends itself to laboratory study, perhaps the preponderance of highly cited studies in this domain are skewed toward the basic sciences and are more likely to be published in nonneurosurgical journals, reflecting the notion that the major progress and advances in brain tumors may still be largely found in the laboratory rather than in the operating room. 2 There has been variable interest in functional neurosurgery over time. The interest in functional neurosurgery waned in the late 1960s, when advances in medical therapy for PD resulted in a decreased need for surgical intervention. However, the development of DBS, along with increased PD-related disability from disease progression and drug-related side effects, has brought about a renewed enthusiasm and renaissance for the subspecialty in the past 20 years, and this is reflected in the articles on functional neurosurgery, in particular DBS. This area of neurosurgery is in active growth and should exert a greater footprint among the top-cited papers of the future.
Spine as a subspecialty is virtually absent among the topics addressed in the top 100 cited papers, despite comprising a large proportion of most neurosurgical practices. 9 This is perhaps related to the recent incorporation of spinal surgery into the neurosurgery mainstream. The involvement of neurosurgeons in modern spinal surgery, particularly spinal instrumentation, did not occur until the late 1980s, and is thus a relatively recent field in neurosurgery. 9 While the highly cited works in Spine were written by orthopedic surgeons, and often nonsurgeons, this study does include an early description of the ACD and a study on the medical management of SCI. Spinal surgery articles are likely to be more prominent among the most cited in years to come.
Limitations of the Present Study
There are several weaknesses inherent to a study of this sort, including the bias associated with relying on the total number of times an article is cited, the journals included and excluded, the exclusion of textbooks, and the shortcomings of the database used.
First, inherent problems of citation analyses have been described, including that such methods favor older studies. 5, 8 The scope of this article thus almost certainly omits the landmark articles from the past 10 years. Furthermore, we suggest that the presence of only 19 papers between 1950 and 1975 may be related to limitations of the database for tracking citations to older articles. Indeed, when particular journals were searched on the Web of Science and sorted by date, the first volumes were typically absent. This limitation has been identified as being even more pronounced with newer bibliometric sources such as Google Scholar and Scopus. 1, 3 Second, we limited our search to neurosurgical journals. Our methods included journals with the term "neurosurgery" or "neurosurgical" in their titles, as well as 2 related journals without either term. We may have missed an important neurosurgical journal with articles that would have qualified as one of the top 100 cited papers. However, it is worth noting that all 100 top-cited articles were found in only 3 journals. On the other hand, this study also omits neurosurgical articles that have been published in general medical journals, such as those with higher impact and broader readership such as the New England Journal of Medicine, Journal of the American Medical Association, or Lancet. For example, not one article on the list of the 100 most cited articles in neurosurgery journals concerned carotid endarterectomy, one of the most rigorously studied surgical procedures. An appraisal of the most highly cited neurosurgical articles in all journals including the general medicine journals is addressed in the companion part of this study. 6 Third, we rely on the comprehensiveness and accuracy of the Web of Science database. The database includes citations by select sources and does not include citations made by textbooks or journals written in foreign languages or citations to textbooks. Databases such as Google Scholar reportedly draw on a wider range of sources for citations, although they are weaker at tracking older publications.
Conclusions
Identifying the most cited articles in neurosurgical journals is one method of assessing the drivers of progress in neurosurgery, where our field has been, and where it is headed. An appraisal of top-cited papers in neurosurgery is of value on several fronts. It identifies seminal contributions and their originators, and it facilitates the understanding of and discourse about modern neurosurgical history. It also identifies the attributes of the works, discoveries, and findings that are driving our field. As such, the list serves as a statement of what is important and what it takes to have impact in our field. The list is dynamic, and the papers that are included will change as a function of time as our discipline changes and evolves. 
